It is necessary to evaluate the optimal PV installed capacity in order to ensure that the distributed PV installed in the area can maximize the utilization of the photovoltaic energy and avoid the waste of investment caused by the excessive construction of the PV capacity. In this paper, the total amount of PV resources available in the region is calculated based on the geographical and meteorological information such as latitude and longitude and sunshine intensity. Then, the best installed capacity of the PV is determined based on goal of economy considering the total amount of photovoltaic and the land use of the PV area.
INTRODUCTION
With the rapid development of the national economy, the problems like environmental problems, energy problems and stability problems [1] caused by the power system supply with the centralized single power have attracted more and more attention. And it promotes the development and application of distributed photovoltaic power generation. And it is the basic work of the active distribution system planning to analyze the available level of solar energy resources in the region and evaluate the optimal PV installed capacity.
For any planning area, if the installed capacity of photovoltaic exceeds the total amount of solar energy, it will result in the waste of investment. On the contrary, it will cause the waste of energy. Therefore, in the region where the total ______________________ amount of solar energy resources is known, how to determine the best installed capacity of photovoltaic capacity must be considered.
A method for calculating the amount of solar radiation in a region is given in [2] - [4] . A method for placement and sizing of distributed generation in distribution network expansion planning is proposed in [5] . Based on the optimal power flow algorithm, placement and sizing of distributed generation was determined after taking the situation of distributed power supply in a variety of operating states into account in [6] .
It can be found that in the past studies, the assessment of the total solar energy resources in the meteorological field and the determination of the optimal PV installed capacity in the field of power system planning have not been well combined. Therefore, in this paper, the author established a method of assessing the optimal capacity of a regional PV installed capacity. First of all, this paper calculates the total amount of solar energy available in the area based on geographical and meteorological information such as latitude and longitude, sunshine intensity and so on. Then, basing on the total amount of solar energy, considering the land use situation in this area and taking the economy as the goal, we can calculate the optimal installed capacity of PVs. An example is given to illustrate the computational process and the effectiveness of the proposed method.
EVALUATION OF REGIONAL PV RESOURCES

Related Indicators
Percentage of sunshine and total solar radiation are important indicators for assessing a region's PV resources. The total solar radiation is the sum of the direct solar radiation and the scattered radiation (MJ / m2) received in the 2π solid angle of the sky on the level. Percentage of sunshine refers to the ratio of actual sunshine time to possible sunshine hours. Actual sunshine time refers to the sum of the time when the direct solar irradiance reaches 120W/m2. Possible sunshine time refers to the time the sun experiences between the eastern horizon and the Western horizon. Percentage of sunshine shows how much sunshine time is reduced by the weather conditions (mainly clouds, rain, fog, dust, sand, etc.).
Percentage of sunshine = Actual sunshine time / Possible sunshine time
Calculation of Regional PV Resources
In the case of the total solar radiation is unchanged, the total solar radiation in a region is positively correlated with the percentage of sunshine. Thus, at present, the method of calculating the total solar radiation in a region is based on the linear regression equation of total solar radiation and percentage of sunshine:
Where Q is the total solar radiation; Q1 is the annual astronomical solar radiation; S/S0 is the percentage of sunshine; a, b is the regression coefficient. If the annual astronomical solar radiation (Q1) is required, just find the daily astronomical solar radiation (Q0) and sum up. 
Where I0 is the solar constant, which is13.67 × 10 −4 MJm −2 s −1 ; T is the period and its value is 24 × 60 2 ; ρ is the relative distance between the sun and the earth; ω0 is the sunset angle; φ is the regional latitude; δ is the declination. N is the cumulative number of days. January 1 is 0; January 2 is 1; other analogies..., December 31 is 364 (December 31 is 365 in leap year); ΔN is the corrected accumulated number of days, and it is made up with the time difference L between the observation site and the Greenwich longitude difference and the time difference W between the observation time and the Greenwich time 0; D is the longitude of the region and M is the minute of arc; S is the observation time and F is the minute of arc ; in general, S=12, F=0; Y is the value of the year, INT [X] is the standard function to find the largest integer not greater than X.
EVALUATION OF PHOTOVOLTAIC UTILIZATION EFFICIENCY OF BUILDINGS
We can calculate the total amount of solar emissions received in the area based on the geographical location of a region and the annual sunshine rate in section 2.2. In this section we will further evaluate the total charge that emitted by the PV system when it is applied to the surface of the building. Here we need to consider the factors that affect the conversion efficiency from solar radiation to electrical energy.
The first one is the photovoltaic power generation efficiency. In addition to the meteorological factors such as solar altitude angle, elevation, atmospheric transparency, sunshine hours and so on, the quality and characteristics of the photovoltaic PV module also affect the photoelectric conversion efficiency. In addition, the PV cannot cover all the surface area of the building due to the different wall material, the sun should not be sheltered and other issues. And the utilization of a building area needs to be assessed.
The last major factor is the dip of the photovoltaic panels. If it is a tracking PV system, the inclination of the PV can vary with the angle of the sun in the day, always keeping the sun vertical. Then the efficiency of the PV system will be greatly improved. But the majority of the current market is the fixed tilt of the photovoltaic system, which requires the photovoltaic panel set at the maximum solar radiation angle which will lose part of the photovoltaic.
The following is the formula for calculating the amount of solar radiation on the inclined surface: 
Where, ωcr is the sunrise angle of the sun relative to the vertical wall, ωcs is the sunset angle of the sun relative to the vertical wall. ϕ is the azimuth of the wall. When the azimuth is less than zero： 
（8）
The total amount of electricity that generated by a building PV system within one year can be comprehensive assessing only by taking all the above factors into account.
Determine the Installed Capacity of Building Photovoltaic
In a year, the solar declination changes periodically, so the solar elevation angle of a region also changes periodically. So we need to determine the installed capacity of the building PV on the basis of the annual solar radiation of the building.
Sun height angle and the sun's radiation are different in summer and winter. Therefore, we need to find the best PV installed capacity between summer radiant power and winter radiant power.
We use the formula (18) to measure the benefits of PV in its operating years.
A=W×a×n-b×P (9)
Where A represents the revenue generated by the PV in the operating life, in units of yuan. P is the installed capacity of the PV, the unit is kW. W is the annual power generation capacity when the PV installed capacity is P, in kWh. a is the electricity price in units of yuan/kWh. n is the operating life of the PV. b for the procurement cost of photovoltaic, the unit is yuan/W. The annual power generation W is calculated as:
Where Si is the actual power per day of PV in the PV installed capacity of P, in kW. h for the photovoltaic power generation time, usually take 12 hours.
You can roughly get the sun in this day's radiation power (Hi) via dividing the amount of solar radiation received on the building every day into 12 part. Then, we use P1, P2 to express the maximum and minimum values of Hi, respectively:
We determine P1, P2 as the upper and lower limits of PV installed capacity. And find the best PV installed capacity between P1 and P2 to get the maximum operating income in the operating period. We traverse all the values of P1 and P2 at a certain interval and programmed by MATLAB, so that we can finally find the best installed capacity.
The process of optimum PV hosting capacity assessment is as following figure: 
Case Study
We take an example of a region in Tianjin, China to assess the Optimal PV installed capacity. The region is in 39° north latitude and 117° east longitude, with a 65% sunshine rate. To calculate the amount of electricity that can be emitted in a year after installing the PV in a building in the area, we assume to install a fixed dip single crystal silicon photovoltaic system which locate in the south wall and roof. The total area of the south wall of the building is 208.27m2. Taking the corner loss into account, we assume that the curtain wall utilization rate is 95%. The total area of the Roof photovoltaic floor is 117m 2 .
The commercial efficiency of PV is set at 15%.
Calculation of Solar Radiation on Horizontal Plane
(1) Percentage of sunshine: Tianjin sunshine percentage was 65%, S/S0 was 0.65.
(2) Annual astronomical solar radiation: The results can be finally obtained via MATLAB programming.
We finally get Q=5635.9MJ/m2 in North China.
And get 1566.5KWh/m2 when convert to electricity. The number of Tianjin area of one square meter per year can generate electricity, but specific to the photovoltaic access, but also to consider the efficiency of photovoltaic devices into electricity energy efficiency.
Calculation of Photovoltaic Solar Radiation in Metope and Roof
We can approximately get the proportion of the amount of direct radiation and scattered radiation in one day according to the annual solar radiation data. We can get that the horizontal scattering radiation is 2408MJ/m2 according to data. Then, Hd=2408MJ/m2, the proportion of total annual radiation horizontal scattering radiation occupied is 42.6%. Hb=3190.2MJ/m2, the proportion of total annual radiation horizontal direct radiation occupied is 57.4%. After calculating Hd and Hb of each day according to the above ratio, calculating the daily solar radiation absorbed by the metope applying the formula (3)-(8) and sum up. And the annual total solar radiation absorbed by the metope is obtained.
First calculate the total solar radiation that can be absorbed by the PV on a metope. As the metope is south direction, the azimuth angle is zero.
And then calculate the amount of electricity that can be installed on the roof for the year. In order to ensure that the roof of the photovoltaic can maximize the acceptance of solar radiation, we need to determine the best photovoltaic pavement tilt. In this case, we use MATLAB programming to calculate the amount of solar radiation within all angles from zero to 100 degrees. And define the angle where the amount is maximum is the best angle. The best inclination angle is 35.5°.
PV Installed Capacity Calculation
Through access to information, we use 0.57 yuan/kWh as the regional electricity price and 12.55 yuan/W as the PV and roof photovoltaic PV procurement costs.
First we calculate the optimal installed capacity of the roof PV. We calculate solar radiation photovoltaic received in the winter solstice and summer solstice in the best tilt angle of 35.5°. Respectively, the winter solstice day 3.645kWh/m2, summer solstice day 5.6015kWh/m2. And then multiplied by the roof laying area and photovoltaic efficiency and get the total amount of photovoltaic power within a day. According to the day of photovoltaic work 12 hours, we can get the lower capacity of photovoltaic installed capacity: 5.33kW, the upper limit is: 8.19kW respectively. We are looking for the best PV installed capacity between these two values. We choose 0.01 as the smallest unit, traverse each of the values between 5kW and 9kW, and calculate the generating revenue and the cost of photovoltaic power generation. We choose PV installed capacity P for the abscissa, the net income of PV as a vertical axis, and we can get the following figure2. It can be seen that the optimal installed capacity of photovoltaics is 7.41kW. Assuming that the PV PV installed capacity （kW） operating period is 20 years, the maximum benefit of photovoltaic is 77167 yuan. Similarly, we can get the relationship between installed capacity in metope and the profitability as figure3. It can be seen that the optimal installed capacity of photovoltaics is 9.24kW. Assuming that the PV operating period is 20 years, the maximum benefit of photovoltaic is 100348 yuan.
CONCLUSIONS
All along, the assessment of the total solar energy resources in the meteorological field and the determination of the optimal PV installed capacity in the field of power system planning have not been well combined. Therefore, in this paper, the author introduces the evaluation index of solar energy resources in a region, and introduces how to calculate the solar radiation on the horizontal plane and proposes a method for estimating the annual solar radiation absorbed by building and determining the optimal capacity of the PVs without measured data. The proposed method lays a solid data base for active distribution network planning.
